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INTRODUCTION

1 Naval divers often dive under hazardous circumstances in areas far

remote from recompression facilities. As a result, prior to 1968, SUPSALV had

I approximately 150 inquiries for a portable recompression chamber from combat

EOD and SEAL units in Southeast Asia and other activities involved in diving

J (1)
from a wide variety of small surface craft where space is at a premium. Full-

I size chambers are located aboard repair ships and some shore activities, usually

at some distance from diving operations. Even where SAR Helicopters are avail-

able, one or more hours could easily elapse between notification, pick-up, and

delivery of a patient to a large chamber. Therefore, the concept of a relatively

lightweight, collapsible, and easily transportable recompression chamber evolved.

At the request of the Navy Experimental Diving Unit on March 28, 1968,

the Pacific Missile Range at Point Mugu, California was given the task to design

and develop a portable collapsible recompression chamber that could be stowed

* References are given on page 19.
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aboard small surface craftP) This chamber is to provide divers with immediate

on-the-spot treatment of bends and air embolism, and is designed such that it

can be used to transport the diver to a large double-lock recompression chamber,

where he could receive additional treatment under a doctor's care.

The prototype chamber was designed to be supplied with pressurized

air from twin-90 scuba bottles. Each set of bottles would sustain the chamber

for 40 minutes if the diver is consious and able to use the inhaler. This

system of breathing gas supply is satisfactory for short duration (2 hours or

* less) use where the diver is conscious. However, for accident cases where the

inhaler cannot be used, or where the diver must remain in the chamber for several

hours, the use of twin-90's for air supply becomes impractical.

Becaese of the feeling that the chamber should have an adequate gas

supply for at least eight %ours treatment on the U.S. Navy Diving Manual treat-

ment Table IVP)a brief study was authorized to compare various types of gas

supply systems for the portable chamber that could be used to supply breathing

gas to the patient for extended lengths of time.

SUMMARY AND CONCLUSIONS

The major emphasis of the study has been to determine the feasibility

of a reliable, portable, lightweight environmental control system for use with

the chamber. This report presents the results of the study and recommendations

for system development.

A tank-supplied open-circuit system for breathing-gas supply to the

portable recompression chamber is the simplest, easiest to operate, and most

reliable system. However, except for instances where a large supply of compressed

i~I
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Sair is available, it is impracticai. Semiclosed-circuit and compressor-supplied

open-circuit systems appear to offer excellent alternative3 to the tank-supplied

system wichout an unreasonable increase in complexity. A closed-circuit system

does not appear to offer any major advantages for this application which would

i offset its decreased reliability and increased cost.

RECOMMENDATIONS

Prototypes of a compressor-supplied open-circuit system and a semi-

closed-circuit system should be developed for evaluation by possible users. A

reliable communications system shc,,id be a part of any collapsible recompression

chamber.

RESEARCH ACTIVIUY

The study began with a determination of system requirements followed

by the identification of several feasible system approaches and was completed

with a brief comparison of these approaches. The results of the study are

described in the following report sections: (1) System Requirements, (2) System

Descriptions, and (3) System Comparison.

System Requirements

To objectively evaluate any type of system, a set of requirements

which the systems must meet is needed. No complete set of requirements specific

to a gas-supply system for the portable recompression chamber are presently avail-

able. As a result the different types of systems considered during this program

were designed and evaluated using requirements which the authors consider reasonable.
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The following requirements that each system must be capable of meet-

T ing or botte:.ing were established.

(1) The system must be capable of continuously supplying

the patient with two cubic feet per minute of air(3)

containing approximately 21 percent 02 at depths to

165 feet of seawater.

(2) The system must be capable of supplying breathing

gas with a CO2 concentration of less than(05 percent

surface equivalent. , 5)

(3) The system must be capable of supplying sufficient

quantities of 02 and removing sufficient quantities

of CO2 to maintain the above requirements for eight

hours while treating a patient on Table IV of the U.S.

Navy Diving Manual.

(4) The patient consumes a maximum of 0.6 SLPM 02 and

produces a maximum of 0.5 SLPM CO2 while under

treatment.

(5) The temperature of the inlet air should remain below

95 F.

No consideration was given to the control of CO, HO, or hydrocarbons.

Although weight, size, and complexity limitations were not specified, the systems

were to be as reliable, simple to operate, lightweight, and easily transportable

as possible. These requirements are very subjective and will be discussed further

under the system comparison section.
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"System Descriptions

Four types of environmental control systems---two open systems (one

tank supplied and the uther compressor supplied), a semiclosed system, and a

closed system --- were considered. During the design of these systems it became

i apparent that a few items would be needed on any system ultimately designed for

use with the chamber. The system should contain a reliable communications system

such as that recently designed for use with the Jack Brown mask.7) The inlet and

exhaust air noise must be muffled such that it does not interfer with communi-

cations and is not uncomfortable to the patient. The system must have a rugged

and dependable depth gage. An inhaler which could be used for 02 treatment of

conscious patients should be included. The chamber pressure should be easily

controllable, possibly with an automatic pressure relief exhaust valve that can

be set to the desired chamber depth. The system should be failsafe in design

with n free-flow backup system in event of failure. Although not essential, a

design in which the fresh air flows from the head to the foot of the chamber

would be best.

Tank-Supplied Open-Circuit Systemi
The tank-supplied open-circuit system is shown schematically in Figure

1. Where an adequate air supply is available, this sytem is the cheapest, simplest

* and most reliable of those considered. The system shown schematically has all

the necessary items mentioned above and, with a large enough air supply, is

4 capable of meeting all of the requirements. The system consists basically of

an air supply tank, control valve, exhaust valve, and flow meter. Operation of

the system consists of adjusting the exhaust valve to the desired depth andI
I
I
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pressurizing the chamber by opening the control vilve to attain the proper rate

of descent. Once the desired depth is reached, the control valve is ther adjusted
until the flow meter reads the proper continuous flow. The flow mster would ba"'e

a dial calibrated from 0 to 165 feet (rather than 2 to 12 scfm) and would ba placed

on the exit side of the exhaust valve.

J £he tank supplied system could be supplied by nny available air supply

and would require 12 scfm of air at 75 psig. Unless the chamber is used where

a large quantity of compressed air is available, this system requires an unreason-

able supply of compressed air. If twin-90 scuba bottles were used for the air

supply, over four full seta per itour would be required.

Compressor-Supplied Open-Circuit Systemn

The compressor-supplied open-circuit system is shown schematically in

Yigure 2. This system is identical tk the tank-supplied system except that a

I icompressor and a filter system serve as the main air supply in place of the
tanks. Compressors for this type of system are commercially available and have

been used for years to supply air to hooka rigs. An example of such a compressor

J iis the Bell & Gossett oil-less air compressor shown in Appendix A. Although the

compressor cited is capable of continuously supplying sufficient air for breathing,

an additional air supply would be required for emergency use and to increase the

I rate of descen ( The compressor cited is capable of descent rate of only eleven

feet per minute without a supplemental air supply).

Operation of the compressor-supplied system would consist of adiusting

the exhaust valve to the desired depth and pressurizing the c')amber usirg both

the compressor and the emergency air supply to achieve the desired rate of

descent. During normal operation the compressor would run continuously, pump-

ing its full volume through the chamber, and the fluw meter would be used only

i
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J to assure that the compressor is operating satisfactorily. In the advent of

an emergency the flow meter would be used to control the air flow in a free-

flow mode, and again would simply be calibrated for proper flow at 0 to 165

feet.

Semiclosed-Circuit System

The semiclosed-circuit system is shown schematically in Figure 3.

This is very similar to a semiclosed underwater breathing apparatus except

that there are no breathing bags and a recirculation pump circulates the breath-

ing gas. The major components of such a system include a fixed orifice, a

pressure regulator, a CO2 scrubber, and a recirculator pump. The pressure

regulator is set at a pressure which maintains choked and therefore constant

flow across the orifice regardless of chamber pressure. The recirculation

pump may be hand or electrically operated---a hand-operated pump prcbably being

the better far general use. Adequate flow is assured by the use of a flow meter.

To reduce system complexity and cost, no CO2 monitor would be used. The CO2

scrubber would be designed such that it could be replaced during use after every

8 to 16 hours. The variable-pressure exhaust valve vents the excess air contin-

uously.

Operation of the chamber consists of adjusting the exhaust valve to

the desired depth and then opening the free-flow control valve enough to achieve

the desired rate of descent. Once at depth, the metering control valve is opened

completely, supplying a constant input of about 1/2 liter per minute of air. The

recirculator pump would supply 2 cubic feet per minute of scrubbed air at the

operating depth. In case of failure of any part of the semiclosed system, the

chamber may be operated in a free-flow mode using the flow meter to control the

flo".

Il
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RECOMPRESSION CHAMBER

S I N R A L E R F O R
02 TREATMENT

COMMUNICATIONS -EXHAUST -- | V=- VALVE
DEPTH GAGE
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METER C02

SCRUBBER -

METERING ORIFICE

FREE FLOW METERING CONTROL VALVE
CONTROL VALVE

J175 PSI PRESSURE REGULATOR
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AIR AIR
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FIGURE 3. SEHICLOSED-CIRCUIT SYSTEM



I ~Closed-Circuit System

The closed-circuit system is shown schematically in Figure 4.

Schematically the system is very similar to the semiclosed one, with an

oxygen sensor and control valve replacing the regulator and metering orifice.

Operation of the system consists of setting the exhaust valve and pressurizing

the chamber to the desired depth on air, using the free-flow control valve.t
Once at depth air is used only to make up any leakage losses. The PO2 of the

chamber is controlled by metering in additional oxygen when the sensor indicatea

a need. Although conceptually simple, in practice this type of system is fairly

complicated and requires the use of sophisticated equipment. However, all equip-

ment is within state of the art and literature on two of the commercial 02 sensors

has been included in Appendix A. As with the other systems, this unit may be

operated in a free-flow mode.

I System Comparison

As mentioned in the previcus section, each system considered meets

the basic minimum requirements established during the program for a portable

life support system, and each system considered is within state-of-the-art

design. To compare the relative merits of each of the systems and make a

recommendation for continued development, a group of comparison criteria were

formulated. These criteria are given in Table 1. Some of the criteria are

i subjective in nature while others may be calculated fairly accurately. In each

case an effort was made to be as unbiased as possible in rating the systems.

Other, possibly better, criteria could have been used to evaluate the systems,

I but these were considered sufficient for this study.
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RECOMPRESSION CHAMBER
INHALER FOR

02 TREATMENT- {-"]

COMMUNICATIONS
DEPTH GAGE EXHAUST

VALVE

RECIRCULATOR PUMPT FLOW METER & POWER SUPPLY

"1 SCRUBBER •
FREE FLOW OXYGEN __._

CONTROL VALVE CONTROL OXYGENVALVE OXYGENSSENSOR

AIR OXYGEN
SUPPLY SUPPLY

FIGURE 4. CLOSED-CIRCUIT SYSTEM
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No attempt was made to place numerical values on the reliability

criteria. The systems were simply rated as fair, good, or excellent. A rating

of "excellent" indicates confidence that such a system would operate flawlessly

each time it was used. A rating of "good" indicates no reservations about using

the system as the only means of emergency aid if it is properly maintained. A

rating of "fair" indicates that the system must be very carefully checked out

each time it is to be depended on as the only means of emergency aid.

If an adequate supply of air tanks is available, then the tank-

supplied system is inherently the most reliable of the systems considered.

There is virtually nothing to go wrong. Even if the flow meter should fail

the average chamber operator would hL e some idea of how much air should be

flowing from the exhaust valve. For the purposes of this study, it has been

assumed that if the tank-supplied system is to be used, an adequate supply of

air exists and therefore the ,iliability rating is"excellent'

The semiclosed-system reliability has also been rated "excellent".

This rating is based on the assumption that if the chamber is the only source

of c-mergency aid the canister, batteries if used, and recirculation pump will

be checked periodically to determine if they are operational, and on expe:ience

with existing semiclosed breathing apparatus which nave proved highly reliable.

The compressor-supplied system reliability has been rated "good" only

because of an inherent wariness about the dependability of small gasoline engines.

However, gasoline-engine driven compressors have been used very successfully for

several years to supply open-circuit underwater breathing gear, and have proven

to be very reliable. With careful maintenance the compressor system could prove

to be extremely dependable.
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The closed-circuit system reliability has been rated "fair". This

rating is based on the apparent dependabilikty of PO2 sensors (they are usually

used in groups of three) and the serious consequences that can quickly result

from a malfunction in the 02 supply. If a closed-circuit system is carefully

maintained, it could prove to be very dependable, but for general use the

reliability as currently envisioned may not be adequate.

Simplicity of Operation

Simplicity of operation is very important for emergency systerms.

Simple tasks are often difficult under the strains of an emergency situation.

As a result, any portable life support system must be straightforward and easy

to operate. The tank-supplied system would be very simple to operate and

require a minimum of operator training. In fact, most Navy divers should be

able to operate such a system with no previous experience. Likewise, both the

*- compressor-supplied system and the semiclosed systems would require a minimum

of operator training. With a few well-placed instructions fastened permanently

to the components the systems could be operated and maintained by most divers.

The closed system is more difficult to maintain. Despite manufacturers' brochures

to the contrary, today's PO2 sensors require careful handling and maintenance, and

may have an uncertain shelf life. A: a result, even a well-designed closed-crcuit

system wo Id require some operator training before use.

Maintenance Reguirement

Since systems which are not freque-itly used have a way of falling

into disrepair, the maintenance requirement is a very important consideration for

Ill I
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systems which sit idle for long periods of time but must perform flawlessly

when used. For most systems, the maintenance requirement is roughly propor-

tional to the complexity. For instance, the free-flow system is very sitple

and should be essentially maintenance-free. Of course, as with each of the

other systems considered, there should be a periodic inspection of the hoses,

seals, and gages. The compressor unit is more complicated and also requires

periodic inspection of the filter and of the compressor unit. Likewise, periodic

* inspection and replacement of the CO2 scrubber canister and batteries and testing

of the pressure regulator and recirculation pump would be required for the semi-

closed system. Regular inspection and testing of the PO2 sensor would be required

for the closed system as well as maintenance of the CO2 scrubber, batteries,and

recirculation pump. On the semiclosed and closed-circuit systems, a hand-operated

recirculation pump would eliminate battery maintenance and provide a simpler,

lighter-weight system.

Air Reguirement and System Weight

A category in which the tanlk-supplied free-flow system falls short is

its unreasonably high air requirement. To operate the chamber eight hours on

Treatment Table IV of the U.S. Navy Diving Manual would require 23 sets (1610

pounds) of twin-90 scuba bottles. The initial set of twin-90 bottles would

pressurize the chamber to 165 feet and maintain it at that depth for 9 minutes.

Each set thereafter would last ebout 14 minutes at 165 feet equivalent pressure.

An eight hour operation on Table IV would require a total system weight, including

chamber, of 1890 pounds. This excessive logistic requirement prompted this study.

The compressor-supplied free-flow system could be used without additional

tanks of a descent rate of 25 ft /min were not required. For instance, the Bell
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and Gossett compressor shown in Appendix A would take the patient down at about

11 ft./min. With such a system, total life-support system weight including fuel

for eight hours' operation is estimated to be 125 pounds. Therefore the estimated

total system weight for eight hours operation is 390 pounds.

A semiclosed-circuit breathing-gas supply system is estimated to weigh

70 pounds without air bottles. Eight hours' operation of the recirculation system

wo•,ld require about 25 pounds of batteries. One set of twin-90 canister has a

4 design operating time of 16 hours requiring 14 pounds of baralyme. Therefore

eight hours' operation of the chamber would require an estimated total system

weight of 405 pounds.

The closed-circuit breathing-gas supply system is estimated to weigh

74 pounds including the oxygen required for 8 hours' operation and one bottle of

air from a twin-90 set for initial pressurization. Therefore eight hours oper-

ation would require an estimated total system weight of 374 pounds.

The major emphasis of this study has been to determine the feasibility

of a reliable, portable, lightweight environmental control system. It is interest-

ing to note that all three systems designed to replace the tank-supplied free-flow

system have nearly the same total system weight (374-405 po-.,.,.;). Weight alone

does not appear to eliminate any of the three.

Cost

If large numbers of chambers are to be used, the cost of the life

support system may be important. The cost estimates shown in the table are

based on currently available equipment and should reflect the ultimate production

cost of the life support system in quantities of 100 to 200. Again, if one system

I

!I
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is significantly better than another, cost should not be the determin'Mz factor.

However, due to better reliability, greater simplicity and lower maintenance

requirements, it appears that the compressor-supplied free-flow system and the

semiclosed circuits should receive further study. The compressor-supplied

systems would require less development effort and be of lower cost, but could

be unuseable in areas where excess noise would be dangerous. The semiclosed

system at a slight increase in cost and after some dev;elopment could have

excellent reliability at a slightly less weight.

As a result it is recommended that prototypes of both the compressor

system and the semiclosed system be developed for evaluation by the possible

chamber users.
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_C OGL..L-SL3 AURZ COXIM2ESOR

The B&G gas engine driven compressor outfit delivers

, -- " . -~ Oil Free air up to 90 PSIG continuously. Its lightmeight
4 "•and compact dimensions make it extremely portable. When

lifted by the handle, balance is perfect. The belt guard
assures safe operation. An accessory kit for wheel mount-
ing, is available.

/ The outfit includes L. belt-driven B&C, Oil.less Air Corn-

_2 ' " - pressor with the sae unique fcaturs incoloratcd in•l•. .•,,;•, €•, &G motor-compressois. Thcecngine is oversitcd to pro-
i' ." .J, ivide ample power at reduced RPM for longer engine life.

* -". 4 . , :/ "

SPECIFICATIONS

MODEL EOCO
i P' B & G OIL-LESS AIR COMPRESSOR

Twin cylinder-single stage-6.57 CFM displacement at
"----" _"--__.__ 1725 RPM. Integral after.cooler-pulsation chamber-mois-ture drain. Complete with intake f:llars and 1•4' NPS dis.

charge connection. Safety valve set to open at 95 PSIG.
"Free air delivery at 35 PSIG = 4.3 CFM, at 80 PSIG =
3.3 CFM.

BRIGGS and STRATTON ENGINE
__ 4 cycle, air cooled. 2700 RPM governed speed. Float feed

carburetion. 3 quart fuel tank. Recoil starter. Exhaust valve
I , / rotator. Oil bath air cleaner.

ACTUAL WEIGHT 56 LBS.

-*-T , 4

EDCAR PORTABLE AIR TANK
The iight%%cight and mobile B&G l'ortablz Air Tank is the ani.cr for those applica- EDCC WHEEL AND HANDLE KIT

tions requiring an air receivcr as %well as means to carry emergency air to the job. A 6 Complete with 8 x 1" wh,-ci n
foot length of hose is attached to th, e niprcs~or disharv.e ýhile a quick disconnect
coupling is attacheJ to the tank inlet. \\hen di'-onnrted, this coupling serves as a tic tires--handlc-Axe and nec-ssary hardware.
check valve pirenting escape of air from the tank under pressure. ACTUAL WEIGHT, 10 lbs.The coupling is ca;ily di.wonncctcd for no load starting of comprcssor and engine. a

SPECIFICATIONS:
l 10 gallon capacity, 13' dia. x 24" length. Tested to 150 PSIG. Complete with

carrying handle- '3 ft. high pressure hose with fittings and quick disconnect
coupline--pressurt gauge--discharge shut off valve s3fety valve set at 100 PSIG.



Oxygen concentration too low for life?
too high for safotVi.

BDMi Series 0A200
Gaseous Oxygen Analyzers

- W1 you can now measura
% ~oitygrn instantly-

Coninuous y-acc:,,nz,,oay-
with Spries CA200 > 1

- ODylyel Analyzers
C from BN111

-A-!-: 0 displaying continuous % 0, readout
0 without batteries, line connections or

______ amplifiers
Ofor hand-held or remote operation

ZZ Series 0A200 Oxygen Analyzers from BMI are (oming into
wide use wherever oxygen content ot air (in drop lo%%

-~ - enough to impair physical or ps~chological tunction. Worn
- ~on the bell, held in the hand, or placed conmeniently. tlicee

small, light weight instruments can detect dangerously lo%%
0`1 .ýtoxygen (oncentrations before [lie effects of hypoxia become

noticeable.

Be,.ause direct-reading Series 0A200 Anals,/rs trom 11%14': ~ . ~ are extremely accurate even oser the lo%%er range ot the
- - scale, they can also indicate the dIan gerou% prwwu of om -

* gen-ice., possible inerting system failure. risk of fire or
M. of explos;ion.

Stable Series 0A200 Oxygen Anal~zers from BMI4 arealss
,A ~ on," never need any wvarm-up or *-recharging." When nec-

essary, calibration is carried out in an instant with room a~r
Automatically temperat ure-compensatled b~etween 320 and1040 F.. insensitive to CC), and hu~midity to 100%~, CIA200
Analyzers can he eniplo~ ed b\ public utilities. bress erie,
pharmaceutical and chemical plant,. oil refinerie'. labom-
ratories and shiops ot all types. Their itigged construcuen
enables them to be taken out into the worst weather.
Signals from BMI o\ýgvn sensors can hV transmitted withoUt
amplification over (able rujns as long as tt0ot teet or more3 ~J ~ ~ Sries O.'200 Analý /ers niaý thus be used either with theBioU a IV d isie Influ strLies set-(onlain('( sensor or a separate remnote sensor. Be~au-e
oujtside p)o\%er i; not required, the unit, .ire suitedl for Use illBioMarine Industries, Inc., 303 West Lancaster Avenue ships' holds, tank tarms%, mines, tunnel, and other lo-ation.Devon, PennsylvaniA 19333 * 215:687-2800 o Cable: BIOMAR %%here possibility ot the %lightest spark or ar ing p)oes Uni-
acceptable hazards.

turn the page for specifications ...
0~ 1970, SBlowainn induiltries inC



* ~Series 0IA9110 Ifxynpn _ýI M4~E

*IAnalyzers are as easy and i Series O20Oye nlzr a esnl-on al
braed ithoxygenofa koncnetio whnquic to use s ameter raoge (e.g., normal room air).* There is never anyqu c flashliasht need for-rcagn.flash ight2 0A200 Analyzers are ready for instant use Nlo warm-up

period is needed.
3 Sensor cells of Series 0A200 Oxygen Arialyicvis function

accurately at dny relative humidity up to 100%l.
4 Every Series 0A200 Oxygen Analyzer is provided with a

connector for remote sensor use. Remote sensors areavailable as options.
5 Stable, long-lived sensor cells tan be replac~ed simply in

a few moments.
6 Use of an adapter on the face of the sensor permits

Series 0A200 Analyzers to be used for simple stream
monitoring.

0 10 2 3 7 The unique construction of the sensor face minimizes the
'_41%WAMIi ii,,/,,, possibility of mecharnical deformation, and eliminates

PERCENTr U)Ks'~ir. error due to cyclic pressure variations.
8 Series 0A200 Oxygen Analyzers are shipped in nitrogen

~ ''* -". ~.to maintain undimtinished cell life prior to uwe.

9Model 0A202 reatbs 0-100% 02, Model 0A222 reads
I0-40%11, and Model 6A233 reads 0.2 atmospheres. All have

self -contained sensors and accept remote sensors as well.
Models 0A202R, OA222R and 0A233R have the same

AINNc_ýe ZLzprespective scales, but aire designed for use only with re-
-_: mote sensors.

'For use above 3000 feet above mean sea levei. specify high altitude sensor

specif In~tions
1 A202 0A222 0A233

OA202RJ 0A222R 0A233R
Dimensions: 2" x 21/2" x 5" (5.1 cm x 6.4 cm x 12.7 cm)

~ ~z:Net Weight 141/ oz. (410 g

Scale reading. 0-100% 0-40% 0-2 atmospheres,

Principle of ciparaton Accuracy. -t1% of full scale __

Oxy eniscned directly by aM Etivl alvanic cell' onta~ninp, iTe'pe~raftu-r1 maximum ±5 in rne
a gold cathode and a lead anode in a basic electrolyte. The Compensation 32o0-1040 F. 1 45o-104 0 F 1 ! 2-1040 r.
entire cell is encapsulated in inert plastic. The set-or race vI .* is~40C I 7.40C)_Lg 0 ~
a fluorocarbon polymer. Ox~fgen diffusing through the cell 1) res-ure: 500 psi maximumn
face initiates redox reactlions which generite a minute cur- Decompression 50 psi/m:nute maxinitumi
rent proportional to the oxygen partial pte-ssure. A tc-nM'ir-' rate
ture-compensatedl circuit converts the current to a propor-- -- ----

tional voltage which is dlisp~layed dfirec(tly on the mneter fac e Svniir warranty. 120,000 %-hour%, or one year
of the Analyzer as oxygen concentration. For full information, prices and delivery schedules, contact:
'Potent peniing The Bmi oxygon sensor is inirinsically safe Ocir iSAS. 22 Factory Muiuai approval appliied forI

SPI2Bioi #arine Industries
iAccessorie S Biohlarine Industries, Inc., 303 West Lancaster Avenue
AIdpe siilhefo M o Devon, Pennsylvania 19333 a 21S:687-2800 * Cable: BIOA4AR

Aflow-through adpe ,aalbefonBN1t-analyzing Ntirinedmin U &A. OM12IL705MV1170Igases in lines .1n1( bottlies.



Fit
BioMarine Industries

303 W. LANCASTER AVE-NUE DEVON, PENNSYLVANIA 19333 CABLE: BIOMAR (215) 687-2800

OXYGEN INSTRUMENTS PRICE LIST*

ANALYZERS

Oxygen Analyzer Models ..... ,.,o,,.,,,,o.o.o,, $285,00
0A202
0•A222
0A232

Remote Sensor with 10 ft. extension cord... $110.00

Replacement Sensor ....................... $110,00

MONITORS/CONTROLLERS

OMC400 Oxygen 'Monitor and Controller...... 0... $790.00

Replacement Sensor ... ,.............,..... $110.00

Gas Line Adaptor .. *........o............ $ 10.00

OiC Ioo / 290 0c0

OAtc. Joy S 00oo.

Sugge /te Retail. Pric

* Suggested R~etail Price



Oxygen Monitor For Hyperbaric Chambers
SPECIFICATIONS

OPERATING RANGE: 0 to 1000 mm Hi. Ps2: second scale 0 to 1.3
absolute atmospheres.

; ACCURACY: ±5% of rending. 0.500 mwi Hg; t 10% of
reading, 500 to 1000 mm HS

STABILITY: 1%, 24 hours; ± 5%, 500 hours.

ABSOLUTE PRESSURE RANGE: 0.5 to 35 absolute atmospheres.
RESPONSE TIME: 90% response to a step function change In samCle

Spaflial pressure within 15 seconds.

"TEMPERATURE RANGE: 39* to 1221F.

RELATIVE HUMIDITY: To 100%.

Jj ALARMS: Flashing red light and audible Sonalert, high set
• i,, .point: 50 to 95% of full scale (500 to 50 mm

Hg, or 0.651to 1.25 abs atm ), low and dual
alarms available on request.

A - OTHER OUTPUTS: 0 to 5 Vdc with 50K minimum load; 0 to 50
W ,mVdc at 5009; 0 to 100 juA; all outputs

double ended.

'A POWER REQUIRED: 12 tu 32 Vdc external power and/or internal
batteries (Mallory type E146X mercury cell. or
type MN 1604 alkaline ce:l). and 2 Eveready 732.
12-V lantern cells (NEDA 926)

SIZE: 8 x 8 a 14 inches.

WEIGHT: 14 pounds.

SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE

MINOST " AOM ALARM SYSTEM
Monitoring atmospheric gases is extremely important in exchanging chamber air through ventilation may not
any closed environment. Of the gases present in a breath- reduce the oxygen content satisfactorily. In addition to
ing atmosphere, oxygen is of chief concern. Although the possibility of oxygen reaching a level of toxicity, the
contaminants -- such as carbon dioxide - must also be risk of combustion bccomes a serious threat.The MINOS
monitored to prscent a build-up of undesirable atmos- AOM Alarm System will sound and flash alarms before
phcrc constituents, human lite depends upon the avail- chamber oxygen reaches a dangerous level.
ability of a safe level of oxygen.

The MINOSTl AOM (Atmospheric Oxygen Monitor) The instrument monitors oxygen from 0 to 1000 mm

Alarm System is designed to mionitor the oxygen levLI in of mercury (0 to 1.3 absolute atmospheres): The high-

hyperbaric chambers. The instrument includes battery oxygen alarm can be set from 50 to 95 percent of full

operated audtble and visual alarms; the instrument is scale - 0.65 to 1.25 absolute atmospheres (500 to 950
mm of mercury). An alarm condition will trigger theplfoot cable permits checking oxygen levels over consider- audible Sonalert, and flash a red lamp - immediately

foot cable chamber volumec notifying all attending personnel. In the absence of alarm
a a olevels, this system will display - at all times - the exact

For air dccomprcs-ion, a 40-foot lc% d is equivalent to chamber oxygen content.
approximately 2.2 absolute atmospheres (360 mnm of
mercury, ox)gcn partial pressure). Ilowever, divers cus- The MINOS AOM Alarm System can be supplied to
tomarily also uss : -mask for intermittent breathing of monitor high or low oxygen, or both. This precision
pure oxygen. Exhalatin by the diher will, therefore, instrument is an excellent safeguard for personnel,
continuously add oxygen to the chamber - and raise protecting them against the threats of fire, toxicity, or
oxygen concentration by an unknown amount. Also, hypoxia.

INSTRUMENTS. INC.

¶ OCEANIC EQUIPMENT ACTIVITY
2500 Harbor Boulevard, Fullerton, California 92634IA 70112 470.2C 17141 71 4848 PRINTED IN USA
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MNOS TM1 ATMOSPHERICrBeckma M-J
OXYGEN MONITOR

Oxygen Monitor Ideal
For Hyperbaric Chambers

MINOS Oxygen Monitors arc based on the
Beckman Polarographic Oxygen Sensor.* The tiny

Psensor - only ½/2- by 3¾4-inch - contains a gold
FD kma MINOS AOM cathode and silver anode immersed in a cel dclc-

trolyte. A small potential is applied between the
electrodes, and thc opening to the senior sealed

fA ~ ,with a Teflon membrane which is pcrrnizable to
oxygen. Oxygen diffusing through the membrane
passes through a very thin layer of electrol.te and
is reduced electrochemically at the cathOe. thus
producing a small current. The sensor is insensiti'e

&ATA C011to other gases, and the output current i~directly
proportional to the partial pressure of O\\ eZLF.

OIff4
1ATb Sensor current is amplified to provide cormnuous

direct reading from 0 to 1,000 niillinietvrý- of mer-
cury, oxygen partial pressure. A second niter scale

SINSOR jj9A is calibrated in absolute atmospheres. This solid-
state instrument is stable to within ±ý I rercent of
full scale for 24 hours. and within t5 percent of
full scale for 500 hours. The dependah!,e minia-
turized sensor is inexpensive and expendable.
Designed to operate on either alkaline or mercury

is etr~mly ipor- batteries, the MINOS AOM may also be operated
*Monitoring atmospheric gases iexrml po- from 12 to 32 Wdc external power. In addition to

tant in any closed environment. Of the gases pres- dipangoyelvlontemerexralu-
ent n abrethig amoshere oxgenis f cief puts are available to operate an alarm. remotecone~rn. Although cont :mminnts-such as carbon meters, recorders, or an analog-to-digital conN erter.

dioxide-must also be monitored to prevent a StnadeerlOupsae0to5Vc0to0
build-up of undesirable atmosphereci. Sadadexena utus r 0t 5Ve.0to5

humn lfLd~pnd upn he ~alcotituns miVdc, and 0 to 100 /~A. The MINOS AOM will
level of oxygen. oasfe monitor oxygen levels -afely in the rugged en%. iron-

ment of 100 percent humidity and atmospheric
The MINOS AOM (Atmiospheric Oxygen Mon- pressures to 35 atmospheres.

itor) - one of a line Of SPeciali7Cd Bleckmian The AONI is just one of a line of atmiosrlwre mon-monitoring instruments - is designed to mionitor itors. For examiple, you can add a MINOS -\C'DM
breathing gas in a closed system. Small and Anwhr CboDiidMntr)adre
completely self-contained. NI MINOS AON1 mounts atcaom pl~ertc Carbo-m oxd onitor)n panckcre-
readily on the wall oif an% chamber - spacecraft aeacmlt i-oioigpcae
simulator, undersea chamber, or clinical hyperbaric Whate'. r y-our atmospheric mionitoringanud co~ntrol
chamber. It is particularly useful for di'. ing decoinl- needs-sp.:ce, undersea or earthbound -\ \l NS
prcssion chambers and clinical hyperbaric chain- atmlosphieiic monitors are am.ailable fromn BcctAnman
bers used in theraipy for disca~es caused by anacro- now. For 33 yecars we have been pro'. iding
bic bacteria. For additional flexibility, an optional advanced instruments for induistry and research.
extension cable may bie ordered to permit using the Toda..\ - at Bleckman -science is sluping, %our
sensor away from the signal conditioner and meter. future.
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COMPANION MINOS UNITS MONI. COMPLETE OXYGEN SENSOR IS DWARFED BY DIME
TOR OXYGEN AND CARBON DIOXIDE

SPECIFICATIONS

OPERATING RANGE: 0 to 1000 mm Hg, Po,; second scale 0 to 1.3
absolute atmospheres.

ACCURACY: ± 5% of reading, 0.500 mm Hg; ± 10% of reading,
500 to 1000 mm Hg.

STABILITY: ± 1%, 24 hours; ± 5%, 500 hours.

ABSOLUTE PRESSURE RANGE: 0.5 to 35 absolute atmospheres.

RESPONSE TIME: 90% response to a step function change in sample

partial pressure within 15 seconds.

TEMPERATURE RANGE: 39° to 1227F.

RFLATIVE HUMIDITY: To 100%.

OUTPUTS: 0 to 5 Vdc with 50K minimum load; 0 to 50 mVdc at
500fZ; 0 to 100 pA; all outputs double-ended.

POWER REQUIRED: 12 to 32 Vdc external power and/or internal
batteries (Mallory type E146X mercury cell, or
type MN 1604 alkaline cell).

SIZE: 614 x 41,•4 x 31/2 inches.

WEIGHT: 51/2 pounds.

SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE

- INSTRUMENTS, INC.

ADVANCED TECHNOLOGY OPERATIONS

2500 HARBOR 8OUU1VARD FULLfRION, CALIFORNIA * 92634
171416 71 4848. TWX 714 871 1790 r fTX 06 78813

INTERNATIONAL SU(•SIOIARIfS Amsterdam, Capetown. Geneva, Glenrothes. Scotland. London, Mexico City, Munich, Paris, Stockholrn, Tokyo, Vienna

I

S AT 'O C0o122 -BO9 -2c 
l'H tNtroD iN USA.
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Beckmanel MINOS""' ATMOSPHERIC
OXYGEN MONITOR

PRICE LIST
FOR BULLETIN 2008A

Part No. Description Unit Price

MINOS Atmospheric Oxygen Monitor (AOM) complete
with Sensor, Receptacle, Batteries, Mating
Power Connector, and Desiccant. Three models
available:

145400 AOM - Range 0-1000 mm lig $950.00
148000 AOM - Range 0-1520 mm Hg 950.00
148900 AOM - Range 0-250 mm Hg 950.00
145204 Meter, Oxygen (Remote readout) 0-1000 mm Hg 50.00
148297 Meter, Oxygen (Remote readout) 0-1520 mm Hig 50.00
148295 Meter, Oxygen (Remote readout) 0-250 mm Hg 50.00
145405 Gasket, Housing 2.50
145416 Battery Bracket Assembly 28.00

145659 Sensor, Oxygen 85.00
146009 Cable, Extension, Sensor* 80.00
146011 Sensor Receptacle 95.00
147451 Battery Pad 7.00
148147 Desiccant. Container Assembly 13.00
148193 Cable, Power/Remote Readout 62.00
11160 Desiccant, five 1-ounce bags 2.40
79618 Desiccant, Indicator Package 1.30
70-094-01 Desiccant, 1-pound package 3.30
45-042-12 Tubing, Tygon (1-foot length) 2.00
MN 1604 Battery, Alkaline 2.00

* Standard 10-foot length unless otherwise specified.

Add $0.50 for each additional foot over 10 feet.

MINIMUM BILLING PER ORDER IS $1000

(All prices are in U. S. funds and arc subjca to change without ntole)

- - INSTRUMENTS. INC.

ADVANCED TECHNOLOGY OPERATIONS

2500 HARPOt PCL I AtD filtttItTC'N CAlFO NIA 94' 34

(7141 871 4648 I%% 714 S'1 190 LM IX 05 '81113

IN1TERNAIONAL SUBSIDIARIrS Amster• am. Capetiwn G-.ne~a Gle-nrthe, Scotland London" IA...,o Cy. kuw,ch Pans S•t khol, n ,o V, V',

tATO 70107-170-2C I't o 'N
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No. 1 1 December 1969

NEW IMPROVED OXYGEN SENSOR AVAILABLE FOR MINOSTM AOM

To meet requirements for increased long-term stability and extended useful life,we've developed a new sensor for the AOM. Using a companion receptacle, the new

sensor is directly interchangeable with the standard AOM Sensor in all existing
MINOS AOM installations. It will be offered as an option on new orders for this
popular instrument.

Slightly larger than the existing miniature sensor, this new one is only 1 inch
in diameter, and 1-1/4 inches long. The new receptacle is also 1 inch in diameter,
and fits the AOM connector--making it completely interchangeable.

The new sensor features increased electrolyte volume and an elastic bellows sur-
rounding the electrolyte chamber. The increased volume significantly extends
sensor life. The theoretical minimum useful life is 1-1/2 million =mdig

hours of oxygen exposure--more than a year in normal use. Extended life tests
on prototype sensors indicate they will meet the theoretical life.

The elastic silicon rubber bellows provides pressure equalization without venting
the sensor. The sensor may be mounted in any orientation, and failure from dry-
out through the vent is not possible. Installation of the sensor requires only
inserting the receptacle into the AOM connector. There is no vent to open to

prevent sensor damage. Pressure tests of the sensor include hydrostatic cycling
to 10,000 psi and repeated exposure to helium-oxygen mixtures up to 500 psi.
Hyperbaric atmospheric tests include saturation in a helium-oxygen mixture (60
hours at 500 psig helium with 4160 mm Hg P0 ) and rapid decompression (500 psig
to 50 psig in 35 minutes). The sensor exhibits a well-established pressure
response which results in a decrease in output of about one percent per hundred
pounds. This effect is characteristic of all membrane-type sensors and varies
only depending on the choice of membrane used.

U,- the following page, the new sensor and receptacle are shown on an AOM. The

cuta-,ay drawing shows the pressure-equalizing bellows.

Sensors and receptacles can be shipped from stock in thirty days. The price of

the sensor is $200, and the receptacle is $125. Order Part No. 147725 Hyperbaric

Oxygen Sensor, and Part No. 148290 Receptacle. New orders for AOM's can be

shipped with the new sensor and receptacle. The price of the AOM equipped this

way is $1,090.

Incidentally, your new price lists show AOM's available in three full-scale

ranges (0 to 250, 0 to 760, and 0 to 1520 mm 11g). All three types are in stock

in Fullertoi. As you will note on the photo, the absolute atmosphere values have
been emphasized on the new meter faces.

ADVANCED TECHNOLOGY OPERATIONS i ?7S0 HAI1OI SOUt IVAD FULI f RITON CALIFORNIA 9704
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New Sensor and Receptacle fit easily on MINOSTO AOM
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IBeckman' EXPLOSION-PROOF
CARBON-DIOXIDE SCRUBBERS

Carbon - Dioxide Removal Systems

For Hyperbaric Environments

PURA 7R 119CO, Serabbe PURA 707-,11 CO. Sc'rubber

Two riLw Carbon di~oxid1e renioao;l s~liema re now Three vaviations of Miodel 787-M9 are Aafalabic
available for comipletely safe operation in hyper- - lightweight, anodi;cd-aluininuni construction,
barkc cnvironv.,ents. Mar ifactured by Lindbergh- heavy-dutty, corrosi-on-resistant bronze. and
Hanimar Astsociates. !Nc these systemis are being chronic-plated bronic for medical app~tcations.
(iffered tirougeh JBeckr ian Oceanic Equi. newt Similar uniti ame also avalabe in the 7,S7-M
Activiiy reprecentatives. Scrics; these units bame several additional icatures,

including cxplosion-proof, integrl, gciModel PUR~A 797-,%9 is a compact and portatble pa mn pca s-ceshuignetwich
uinit. that can be "nstalled it. any I:%perbaric Chain- -oeedfr fuse replacement undcr operat-
ber. Fo~r use in firc-lut/ardou Is areas -- such as Fa coeidf

rcadi ~~~~in adaptable toay okigpesue ag

In response to a demand for a sinallei aind lower-frot I'to100atno,+it~cs.in ureoxvt~nor Cost 5L-i5ofl of the 787 sytemn. a new series the
oxygen-hl~ium brcatilin~.. wixtures. 'I hw 787-Mo UA77M snwaalbe hs ntwill C procs6,s gas at rtis p to 10 eftll at 24 Nohs. PR 0-7-i o vial.T,ýeui.

It cn h ojera~d fom ithr :wor c pw~r are specifically desioned for the low-s oltiaw coni-sotrcall b fprom2ao 0 partnients of submiersibles, decompression zhani-soijc(:,, frrn 2 to 0 V.hers, e.tperiniental test chambers, and miedical
The 78" !-M9 has a 9-pound Jessicant canister. avl hyperbaric applications. The 707 is raite.d for a
will satisi v aikmost an%, h pcrhad c application. A minimium gas exchange of 7I cfm at 24 % olts. IT his
high-ltonoue. iinaenmic interlock Connects a ,,'Acd. systei.), also, will opewrate from ac or depser. ok erenvironmnentailly isolattxd motor to a twsin turbitiv. a range fromn 24to0 olsTlcd icuchme
The s)st'tli is inherently safe; all dyntamic sea!s has a volumei of 100 cubic inches, and i6 rated for a
hIiave be;en Ohnuin~atd. load-life of tip to 6 hours. Thc wvorking vressure



ftla&ih CM13 sihc(II 01 7 - Iroin 707-M77 ii crics -wriiu I '---Ii U';u':

too10 atmosphcres. intecgral mgacsice n ucacýhuig

Explosion-proof and totally fire safe inoye which can be opened for fuse replacemnent under
environments, thc small, compict 707 m'asurcs oprinprsucashgas10pi.
only 6 inches in diameter and 15 inches in length Whatever your needs for carbon-dicxide removal
Four versions of the Model 707-M7 are available: in hyperbaric environments, one of the thirteen
anodized aluminum; bronze; heavy-duty bronze; variation!, of these two basic scrubber systems
and a medical unit in chronic-platcd bron/c. Three .sho-Ald offer a ready solution to safc carbon-dtioxtdc
additional varieties arc available -thc PURA remov-al.

SPECIFICATIONS

PURA 787.M9/M70 SERIES

SAFETY Explosion/fire-proof in high-pressure oxygen and
mixed breathing gases.

ABSORBENT TYPE Any approved CO, absorbent, bulk or prepack.
ABSORBENT CAPACITY 298 cu. in. (13 lbs.); yields up to 8-hour load-life at

2 litera/min C02 input, depending upon absorbent.
FLOW PROC ESSING 10 cfm at 24 V.
SERVICE LIFE 1000O hours, continuous.
PRESSURE RANGE I to 100 atmospheres.
POWER REQUIRED 24 to 60) V. ac or dc.
SIZE Approximately 15 y 15 x 9 inches.
WEIGHT

.87-M9A Anodized aluminum, corrosion-res-stant epoxy interior-
37 lbs.

7.87.M70A As sbove, with magnetic switch and fuse-access housing -
43 lbs.

787-M93 Heavy-duty corrosion- resistant bronze - 55 lbs.
787-M70B As above. -with magnetic switchl and fube-access housing -

61 lbs.
787-M9D Chrome-plated bronze (Medical Unit) - 60 lbs.
787-M700 As above, with miagnetic switch and fuse-access hous.nig -

67 lbs.

PURA 707-M7/M77 SERIES

SAFETY Explosio n/f ire- proof in high-pressure oxygen and
mixed breadiing gases.

ABSORBENT TYPE Approved CC, absorbeat. bulk or prepack.
ABSORBENT CAPACITY 100 cu. in.; yields up to 6-hour load-life at 7 cfrn.

depending upon absorth!nt.
PRESSURE RANGE I to 100 atmospheres.
POWER REQUIREMENTS 24 to 60 V, a-: or dc.
SIZE 15 in. long x 6 in. dia.
CONSTRIJCTION

7Q7-M7A Anodized aluiminum, stain less-steel ý,yl rinder, without
exterior frame.

707-M77A As Fbove. with magr'ctic switchi and fusc-cccess housing.
707-M7A2 Bronze, atainless-steel cylinder, without ,xterior frame
707-M7B Heavy-duty bronze, with extz~rior fiame.
7074;1778 As above, with magnetic switch and fuse-access housing.

*707-M7D Chrome-plated bronze (Merdical Unit), with eyterior frame
707-M77D As above with magnetic ,witch and fuse-access housing

SPECIFICATIONS ARE SUBJECT TO CHANGE WI- liOlT NOTICE

INSTRUMENTS, INC.

OCEANIC EQUIPMENT ACTIVITY
2500 Harbor Bouleva'd, Fullerton, Calitornia 92634

*ATO 701001 470 2C 17141 871-4848 PRINTIO IN USA
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UekmawF UNDERSEA
- , COMPONENTS

PRICE LIST
FOR BULLETINS 2012, 2013 AND 2014

Model/'artNo. Description Unit Price

787-119A Explosion-proof CO2 Scrubber, light- $1,433.00
weight anodized aluminum.

787-M70A As above, with magnetic switch and fuse- 1,643.00
access housing,

787-1,!9B As 787-49A, in heavy-duty bronze. 1,705.00

787-170B As above, with magnetic switch and fuse- 1,915.00
access housing.

787-191) As 787-49A, in chrome-plated bronze. 1,989.00

787-1701) As above, with magnetic switch and -use- 2,225.00
access housing.

787-19-300 Spare canister for 787-19 Series. 67.50

707-17A Explosion-proof CO 2 Scrubber, light-weight 623.00
anodized aluminum, without exterior frame.

707-177A As above, with magnetic switch and fuse- 825.00
access housing.

707-M7A2 As 707-17A, in bronze. 735.00

707-17B As 707-117A, in heavy-duty bronze with 800.00
exterior frame.

707-177B As above, with magnetic switch and fuse- 945.00
access housing.

707-17D As 707-17A, in chrome-plated bronze with 1,100.00
exterior frame.

707-1771) As above, with magnetic switch and fuse- 1,331.00
i-ccesS housirg.

(Continued on reverse side)

II

INSTRUMENTS, INC.I OCEANIC EOUIPMEP:T ACTIVITY

2500 Harbor Boulevard, Fullerton, Calhf'nia 92634
17141 81".4tie

A7?Ol11470.2C PRINTED IN USA

IiI



Model/Part No. Description Unit Price

787-S3 Rotary Magnetic Switch for 3 circuits. $ 395.00
(Ask for quotation for additional
switch positions.)

787-V50 24/48 V dc Power Supply (less batteries) 525.00

P-700)-l Bulkhead Penetrator, single terminal, 12.00
for 200 A max., at 50 V.

P-7000-2 Bulkhead Penetrator, 2-terminal, for 12.00

100 A max., at 50 V.

P-7000-2C Retaining collar for penetrators, for 3.50

mounting in limited space; uses 2,
1/4-20 cap screws.

P-7000-6C Standard retaining collar for penetrators; 4.50
uses 6, 1/4-20 cap screws.

500-MSA Pollution Control Device, 300 cu. in. 650.00

capacity, anodized aluminum.*

500-M51) As above, in bronze.* 850.00

500-M5D As 500-M5A, in chrome-plated bronze.* 1,000.00

500-M2A Pollution Control Device, 150 cu. in. 350.00

capacity, anodized aluminum.*

500-M2B As above, in bronze,* 450.00

500-M2D As 500-42A, in chrome-plated bronze.* 600.00

*Specify 110 V ac or dc, or 12 to 60 V ac or dc.

MINIMUM BILLING PER ORDER IS $10.00

(All prices are In U.S. funds and ate subject to change ,•ithout notice)
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pcd 500-M2

PURA pcd 500-M5

LHA Inc. offers a complete line of PCD's in the 500 series to fit every
requirement in closed environment air filtration. Devices in the 500
series are designed FOR USE AT ATMOSPHERIC PRESSURE ONLY, such as clean
rooms, submarine chambers, hospital rooms, observation diving bells,
operating rooms, or any closed area where vcntilation is not possible.
The M5's have a 300 cubic inch refillable stainless steel canister, and
the M2's will hold 150 cubic inches of media. These units can be loaded
with activated charcoal granules for odor absorption, silica gel crystals
for moisture reduction, granulai soda-lime for carbon dioxide removal, or
layered combinations of these and other substances. Dust Darticles are
filtered as the air is cycled. Mode2s are available for use in two volt-
age rangest 110 volts AC or DC or 12 to 60 volts AC or DC.

For Scrubbing Devices for use in high pressure breathing atmospheres
or for use in fire-hazardous environments, send for product bulletins
67-787 and 70-707.

Lindbrgi - qammaar Associates Inc,. 550 Nlaplle ,veuv,

Caruinteria,. Ca., U. S. A..93013 " 1. 0e I605,684-4214



ELI LINDBERGH-HAMMAR ASSOCiATES

550 Maple Avenue, Carpintoria, California 93013

Telephone: (805) 684"4214

JON M. LINDBERGH
Consultant

JAMES H. HAMMAR
Development 4 £nEginering

ROBERT A. BAKER
Adm•llstrative

PRICE SCHEDULE

-PURA 500-M5 and 500-M2 Pollution Control Devices

MODEL (Catalog No.) Unit Price

PURA 500-M5A $650.00Aluminum cons truction
Anodized finish

PURA 500-M5B 850.00
Bronze Construction

PURA 500-M5D
Chrome Plated Bronze 19000.00

PURA 500-M2A
Anodized aluminum 350.00

PURA 500-M2B ' 450.00
Bronze framing

PURA 500-M2D , 6oo.oo
Chromc plated bronze

Specify for 110 volt AC or DC power, or 12 to 60 volt AC or DC.

All prices F.O.B. Santa Barbara, California

Sales Tax added where applicable

Quantity Discount Schedule available

-If
*1



PHR0DUCT BULLETIN 70 -800

OXYGEN DECOMPRESSION REBBEATIIER

I~Ii

,TOTALLY FIRE-SAFE

-METERED OXYGEN FLOW

"LOW BREATHING RESISTANCE

-24 - 60 VOLTS AC or DC -

,1 "CERTIFIED TO 2000 PSIG ". Y "' •*>

-I00 CU. IN. DESSICANT CHAMBER -,- .i,

V -MINIMUM 6 HOUR LOAD LIFE

-CORROSION-RESISTANT MATERIALS

-MEDICAL ADAPTATIONS -.

TcePU R A 808- MO
The 808-M8 Decompression Rebreather is desisned specifically for decom-
pressing divers on oxygen tables in hyperbaric chambers. Breathing
effort is reduced vo a comfortably low level: recirculation through

,. the carbon dioxide scrubber is accomolished electrically and oxygen
is admitted through a metering jet. A high-torque magnetic interlock
connects motor to turbine, environmentally isolating all electrical
components in a pressuro chamber. The M8 can be easily adapted to
a variety of medical hoods for CO2 removal and 02 administrations to
patients at atmospheric pressure or in hyperbaric facilities.

i Two models available, speolals fabricated to customer specification.

Scrubber available separately for adaptation to customer .equipment.

F.O.B. Santa Barbara, California, U.S.A.

i Lindberog - Hamm ,a' Associates Inc, 550 Maple AvexnuL

C Carpint ia. Can e. a, A. .93013 .To1,.8f05,684-4214
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*TAY CO, 1INCo
612 COLORADo AvEfAUE *SANTA MC JICA. CALIFORNIA 90401

Fluid Control Systems

QUOTATION TO: REFERENCE:
Battell.e Memorial Institute
505 King Avenue
Columbus, Ohio 43201

ATTN:ip1 . Don Caudy DATE OF QUOTE: 4 June 1.970

[ITEM QTY. D)ESCRIPTION OR PART NUMBER UNIT PRICE DELIVERY

I:5-10 pcs TAVCO PIN 23711272 150.00 6o-75 dajs
100 cubic inch vessel recommended
for storage of standard 10 cubic foot
Oxygen

5-10 pcs TAVCO P/N 237118149 160.00
150 cubic inch vessel recommended for
storage of standard 10 cubic foot oxygen

PRINTS AND CATALOGUE ENCLOSED

TERMS.' ½/ of 1 % 10 days, net 30 days Thank you for this opportunity
FOB: Factory
Quotation expires 90 days TAVCO, Inc.

W. Ellwood Jae ,

AREA CODE 213 *PHONE 670.0346 * WX 010. . 343.0240JFORK #t.-SaP

jlI{
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